The present study describes the screening of eight herbs namely Cosmos caudatus, Pluchea indica, Lawsonia inermis, Carica papaya, Piper betle, Andrographis paniculata, Pereskia bleo, and Melicope lunu based on their antiobesity and antioxidant activities. Out of all tested herbs, Cosmos caudatus demonstrated excellent anti-obesity and antioxidant potential with pancreatic lipase inhibitory effect (21.7 ± 1.3%) and DPPH radical scavenging activity (IC 50 value of 31.98 ± 1.22 µg/mL). Cosmos caudatus was selected for further studies and extracting solvent composition with best anti-obesity and antioxidant potential was identified. Hundred percent Cosmos caudatus ethanolic extract was found to be the most effective and showed highest anti-obesity and antioxidant activities. Moreover, metabolite profiling of Cosmos caudatus extract was also carried out using UHPLC-MS/MS. The analysis depicted the presence of quercetin-3-rhamnoside, catechin, kaempherol, kaempherol glucoside, quercetin, quercetin-3-glucoside, quercetin-O-pentoside, quercetinrhamnosyl galactoside, quinic acid, 1-caffeyolquinic acid, monogalloyl glucose, and procyanidin B1. Results revealed Cosmos caudatus as promising medicinal plant for the development of new functional food with prodigious applications in obesity.
Introduction
Obesity is a common disorder usually caused by the interaction of genetic, nutritional, and environmental factors. It has now become one of the most important health issues of the modern society around the world. [1] It is often associated with other diseases such as arteriosclerosis, hypertension, cancer, diabetes, and osteoarthritis. [2, 3] The incidence of obesity is increasing exponentially, and it has been revealed that about 500 million adults are obese worldwide. [4] Pancreatic lipase (PL), secreted by the pancreas, is a key enzyme, responsible for the digestion of 50-70% of fat into monogylceride and free fatty acids for absorption by the entherocytes. Inhibition in the digestion and absorption of fat usually reduces its accumulation in the adipose tissue. [5] Therefore, one of the key targets for anti-obesity agent is inhibition of PL. [6] On the other hand, lipoprotein lipase (LPL) is a rate-limiting enzyme that hydrolyzes the triglycerides (TG)-rich lipoproteins, chylomicrons, and very low-density lipoproteins (VLDL), resulting into the release of non-esterified fatty acids (NEFA) and monoacylglycerol. These fatty acids and monoacylglycerol are either used by the muscles for metabolic energy or re-esterified into TG and stored as neutral lipids in adipose tissue. Any imbalance in LPL activity affects the distribution of TG between muscle and adipose tissue and thus influences obesity. [1, 7] Consequently, compounds, which can inhibit activity of these lipases, are supposed to function as anti-obesity agents. [8] There have been extensive claims on the beneficial effects of various plant extracts especially based on their antioxidant properties. [9] [10] [11] [12] It is well established that polyphenols found ubiquitously in the plant kingdom are effective antioxidant. They exhibit ability to scavenge free radicals through inhibition of some enzymes or by chelation of trace metals involved in the production of free radicals and are also able to protect the antioxidant defense system. [13] Escalation in oxidative damage and oxidative stress markers are associated with several diseases such as obesity, diabetis, Alzheimer's diseases, other neurodegenerative diseases, cancer, and atherosclerosis. [14] [15] [16] It is important to note that any actions that can reduce oxidative stress would be therapeutically beneficial. [17] [18] [19] It is also important to relate the anti-obesity and antioxidant properties of these commonly consumed herbs.
Obesity is associated with a state of excessive oxidative stress, which plays an important role in the pathogenesis of many diseases. [20, 21] The side effects of some anti-obesity drugs and synthetic antioxidants have prompted scientists to search for safe and effective natural bioactive compounds that can target both anomalies. The present study was therefore aimed to evaluate the antioxidant and anti-obesity effects of Cosmos caudatus, Pluchea indica, Lawsonia inermis, Carica papaya, Piper betle, Andrographis paniculata, Pereskia bleo, and Melicope lunu in vitro and to determine the bioactive compounds (in the most active extract) that may be responsible for the bioactivities measured. The obtained information may help in seeking potential herb with excellent anti-obesity and antioxidant attributes.
Materials and methods

Plant materials and reparation of extracts
Fresh leaves of Melicope lunu, Carica papaya, Pluchea indica, Lawsonia inermis, Pereskia bleo, Andrographis paniculata, Cosmos caudatus, and Piper betle were obtained from University Agricultural Farm, identified by botanist from Faculty of Forestry, Universiti Putra Malaysia (UPM), Malaysia, and the voucher specimens were submitted in herbarium with vouture numbers H016, H017, H018, H019, H020, H021, H022, and H023, respectively. The leaf extracts of the plants were prepared using the modified method of Chang et al. [22] Fresh leaves were cut and washed under running tap water, followed by freeze drying for two days. The dried plant material was ground to powder and sieved for homogeneity. Absolute ethanol (100 mL) or aqueous ethanol with different ratios of ethanol and water (100:0, 80:20, 60:40, 50:50, and 40:60) was used as extracting solvent to extract 10 grams of dried material for 24 hours at 40°C. The extracts were filtered, and solvent was evaporated off using rotary evaporator at 40°C. The resulting viscous extract was freeze-dried to ensure complete removal of water. Finally, the dried crude extract was diluted to required concentration for further experimental work.
In vitro pancreatic lipase (PL) inhibitory assay
Plant extracts were prepared at different concentrations in 0.01 M Tris-HCL buffer. Porcine pancreatic lipase was dissolved in 0.01 M Tris-HCL buffer (25 units/mL). The substrate was prepared using the modified method of Fox and Stepaniak. [23] Briefly, olive oil (10% v/v) was mixed with Arabic gum mixture (10% w/v in 0.1 M Tris-HCL buffer, pH 8, 0.5 M NaCl, and 20 mM CaCl 2 ) using a homogenizer. Inhibition of PL by plant extracts was determined using the method reported by Fukumoto et al. with some modifications. [24] Lipase solution (0.2 mL) was allowed to react with 0.5 mL of plant extract for 30 minutes at 4°C. Substrate emulsion (2 mL) was then added and incubated for 30 minutes at 37°C. One-mL acetone and ethanol (1:1) mixture was used to stop the reaction and titrated with 0.02 M NaOH until reached pH 9.4. Auto titrator was used to perform the titrations (Metrohom, 785 DMP Titrino). The experiment was repeated thrice for each sample extract. The amount of free fatty acid (FFA) liberated was reflected by the amount of base required by the incubation mixture which is equivalent to PL activity. Control sample was equivalent to 100% enzyme activity. Percent inhibition was calculated based on the following equation:
where, V sample is the amount of base added to sample, and V control is the amount of base added to control.
In vitro lipoprotein lipase (LPL) inhibitory assay
A modified method by Schotz et al. [25] was used for the preparation of substrate. An activator consisted of Apo C-II from human plasma and diluted to 1 μg/mL with 0.002 M Tris HCl (pH 8.0) was prepared. In the preparation of substrate, 0.6 mL triolein, 24 mL apo C-II, 3.6 mL of 1% BSA solution, 3.6 mL of 1% triton X-100, and 28.8 mL of 0.2 Tris HCl buffer (pH 8.0) were mixed. The mixture was then sonicated in ice for 3 minutes. Enzyme LPL from bovine milk was prepared by diluting with 0.02 M Tris HCl (pH 8.0) to a concentration of 25 units/mL. The LPL activity was then determined using a method reported by Chung and Scanu. [26] Briefly, 0.5 mL of previously diluted LPL was added to 0.5 mL of extracts and epicatechin (100 ppm) in test tubes followed by pre-incubation at 4°C for 30 minutes. Then, 1 mL of substrate emulsion was added to the mixture of enzyme and extracts, followed by incubation in waterbath at 37°C, to initiate hydrolysis. The reaction was stopped with the addition of 1 mL of 1 M NaCl. Control samples were consisted of mixture of enzyme and substrate only. The liberated free fatty acids (FFA) were titrated with 0.01 M NaOH until pH 9.4 using autotitrator (Metrohom, 785 DMP Titrino). The amount of liberated free fatty acid (FFA) was reflected by the amount of base required by the incubation mixture which is equivalent to LPL activity. Control sample was equivalent to 100% enzyme activity. The experiment was repeated thrice for each sample extract, and percent inhibition was calculated.
Total phenolic content (TPC)
Total phenolic content of plant extracts was determined according to the method of Verza et al. [27] Folin Ciocalteu reagent (0.5 mL), plant extracts (0.5 mL), and 7% sodium carbonate (10 mL) were allowed to react at room temperature for 1 hour. Absorbance of the resulting blue color complex was noted at 725 nm (Shimadzu UV Visible Spectrophotometer, UV-1650 PC, Japan). The concentration levels used were in the range from 0.02 to 0.1 mg/mL. A standard curve was plotted with gallic acid standard, and the phenolic content was expressed as mg gallic acid equivalent (GAE)/g extract.
Total flavonoid content (TFC)
Total flavonoid content of plant extracts was determined spectrophotometrically according to the method adapted from Quettier-Deleu et al. [28] The method was based on the formation of a flavonoid-aluminum complex having the absorbance at 430 nm. Rutin was used as standard for calibration curve. Diluted samples (1 mL) were separately mixed with 1 mL of 2% methanolic aluminum chloride solution. After incubation at room temperature for 15 min, the absorbance of the reaction mixture was measured at 430 nm with UV-Vis spectrophotometer and total flavonoids content was expressed as mg rutin equivalent (RE)/g extract.
DPPH (2,2-diphenyl-2-picrylhydrazyl) radical scavenging assay Scavenging activity of samples was assessed according to the method described by Brand-Williams et al. [29] Antioxidant activity was expressed as IC 50 (defined by the concentration of samples required to scavenge 50% of the free radicals). All the experiments were performed in triplicate using ascorbic acid, BHA, and α-tocopherol as positive controls. Plant extract (250 µL) at different concentrations was added to 1.75 mL of 25 ppm DPPH in methanol. All test samples were prepared in 24-well plates. The mixture was left to stand for 30 minutes at room temperature in the dark. Absorbance was then noted using spectrophotometer (Biotek EL800 Microplate Reader) at 517 nm. The readings were compared with those of the blanks, and the percent radical scavenging activity of samples was then calculated using the following equation followed by the measurement of IC 50 values:
The antioxidant activity of plant extracts was also determined based on β-carotene bleaching method developed by Velioglu et al. [30] BHT was used as the standard, and all the tests were performed in triplicate. β-carotene (0.2 mg in 1 mL chloroform), linoleic acid (0.02 mL), and Tween 20 (0.2 mL) were transferred into a round-bottomed flask, and the mixture was added to 0.2 mL of plant extracts or standard or ethanol (as control). Chloroform was removed using a rotary evaporator. Following evaporation, 50 mL of distilled water was added to the mixture and shaked vigorously to form emulsion. Two-mL aliquots of the emulsion were pipetted into the test tubes and immediately placed in water bath at 50°C. The absorbance measurements were then taken at 20-minute intervals for 2 hours at 470 nm. Degradation rates (DR) were calculated according to first-order kinetics, using the following equation:
where a is the initial absorbance (470 nm) at time 0, b is the absorbance (470 nm) at 20, 40, 60, 80, 100, or 120 minutes, t is the time. Antioxidant activity (AA) was expressed as percent of inhibition relative to the control, using the following formula:
High-performance liquid chromatography (HPLC) analysis
The HPLC analysis of plant extract was carried out according to the protocol developed by Crozier et al. with some modifications. [31] The samples were prepared by dissolving 10 mg of crude ethanolic plant extracts in 1 mL of methanol. The resulting solution was then filtered prior to analysis. The standards were prepared by dissolving 1 mg of catechin, epicatechin, rutin, quercetin-3-rhamnoside, quercetin, myricetin, fisetin, hesperitin, naringin, and genistein in 1 mL of HPLC grade methanol. The sample and standards were analyzed using HPLC system (Waters Delta 600 with 600 Controller) with photodiode array detector (Waters 996). A Phenomenex-Luna (5 µm) PFP-2 (4.6 mm i.d. × 250 mm) column was used, and for elution of the constituents, two solvents denoted as A and B were employed. Solvent A was 0.1% formic acid in deionized water, and solvent B was acetonitrile. Gradient elution was performed as followed for solvent A: 0 min (95%), 12-20 min (75%), 22-30 min (85%), 35 min (95%). The flow rate used was 1 mL/min, and the injection volume was 10 µL. The detector was set at the range of 210-366 nm. The retention times, peak areas, and UV spectra of the major peaks were analyzed. Rutin, catechin, and quercetin-3-rhamnoside standards (20-140 μg/mL) were further used for quantification based on standard curve.
Liquid chromatography-mass spectroscopy (LC-MS/MS) analysis
Crude ethanolic plant extracts (5 mg) were suspended in 1 mL methanol and then filtered through a PTFE filter (pore size 0.22 µm). The analysis was carried out on a Linear Ion Trap Quadrupole LC/MS/MS Mass Spectrometer (AB Sciex 3200QTrap LCMS/MS with Perkin Elmer FX 15 UHPLC system). LCMS analysis was carried out according to internal protocol developed by instruments manufacturer (AB Sciex, Canada). Scan ranges from 100 to 1200 m/z for full scan and 50-1200 m/z for MS/MS scan. The chromatographic separation was performed on a Zorbax C18 column (150 mm × 4.6 mm × 5 Um) with a gradient mobile phase-comprising water (solvent A) and acetonitrile (solvent B) (each with 0.1% formic acid and 5 mM ammonium formate). The ionization mode used was negative. The gradient program started from 10% B to 90% B for a period of 0.01 min to 8.0 min, hold for 2 min and back to 10% B in 0.1 min and re-equilibrated for 3 minutes with a flow rate of 800 μl/minute, and an injection volume of 20 µL was used. The UHPLC-MS/MS system was equipped with Analyst 1.5.2 (a mass spectrometric software) and an ACD spectral library (ACD Labs, Toronto, ON, Canada). The resolved peaks were identified based on their accurate masses, molecular ion peaks, mass fragmentation patterns, comparison with ACD mass spectral library, and literature data.
Statistical analysis
All the experimental data were expressed as mean ± standard deviation. Data were analyzed for oneway ANOVA using SPSS 20.0. Duncan's multiple-range test was used to assess difference between means. A significant difference was considered at the level of p < 0.05.
Results
Medicinal plants with good antioxidant potential and ability to inhibit PL and LPL activities are known to exhibit excellent anti-obesity properties. Inhibition of these enzymes helped in reducing the fat digestion, absorption, and slowed down the deposition of fat into adipose tissue. The detailed results regarding the anti-obesity and antioxidant effects of understudy plant extracts are described as follows.
Screening of herbs as potential anti-obesity and antioxidant agents
Pancreatic lipase inhibitory activities of different plant extracts Pancreatic lipase inhibitory characteristics were examined to evaluate the potential of understudy herbal extracts as anti-obesity agents. Results on the inhibitory activity of plant extracts toward pancreatic lipase are illustrated in Table 1 . Orlistat and epicatechin were used as synthetic and natural positive controls, respectively. The herbal extracts were assayed at various concentrations Study for best extracting solvent composition for cosmos caudatus with optimal anti-obesity and antioxidant potential
The first part of the study revealed that Cosmos caudatus is the most potent plant with anti-obesity effects and exhibited exceptionally high antioxidant capacity. Therefore, this plant was selected for further study. Different ratios of ethanol and water (100:0, 80:20, 60:40, 50:50, and 40:60) as extracting solvent systems were employed with the objective to identify the best extracting solvent composition for its extraction. Extracting solvent consisted of ethanol and water was chosen in this study for the extraction due to its safe use comparing to methanol, acetone, and other organic solvents. [32] [33] [34] 
Pancreatic lipase inhibitory activity of cosmos caudatus extracts
The results obtained in this study ( Table 3) , revealed that 100% ethanolic extract (at 1000 ppm) showed the highest inhibition (21.8 ± 1.53%), which differs nonsignificantly (p > 0.05) with 19.9 ± 1.39% inhibition observed at 500 ppm concentration. However, all the ethanolic extracts showed significantly (p < 0.05) lower activities compared to that of Orlistat.
Lipoprotein lipase (LPL) inhibitory activity of cosmos caudatus extracts
The ethanolic extracts of Cosmos Caudatus (40, 50, 60, 80 and 100%) showed different LPL inhibition activities ranging from 11.9 to 19.9% ( Fig. 1) . At a concentration of 0.1 mg/mL, 60% Cosmos caudatus ethanolic extract showed the lowest activity (11.9 ± 1.1%), while 100% ethanol extract showed the highest inhibition of LPL (19.9 ± 1.1%). The 40, 50, and 60% Cosmos caudatus ethanolic extracts did not show any significant difference (p > 0.05) in their inhibitory effect when compared to that of pure epicatechin (12.7 ± 1.7%).
Total phenolic content of cosmos caudatus extracts
The total phenolic content of 40, 50, 60, 80, and 100% Cosmos caudatus ethanolic extracts is shown in Table 4 . Almost similar trend was depicted, whereby 100% ethanolic extract showed the highest phenolic content (865.8 ± 5.0 mg GAE/g extract) and was significantly higher (p < 0.05) than that of 80 
DPPH free radical scavenging capacity of cosmos caudatus extracts
The results showed that the highest scavenging activity was shown by 100% ethanolic extract followed by 80, 60, 50, and 40% ethanolic extracts ( Table 4 ). The 100% Cosmos caudatus ethanolic extract showed exceptionally high antioxidant activity with a nonsignificant difference (p > 0.05) to that of BHA and ascorbic acid.
Correlation of bioactive compounds with antioxidant and anti-obesity activity
Pearson's correlation coefficients (r) between total phenolic content, total flavonoid content, antioxidant capacity, and lipases enzyme inhibitory activities of Cosmos caudatus extracts were determined. The results showed strong positive correlations between antioxidant activity (DPPH) and both phenolic (r = 0.708) and flavonoid (r = 0.766) content. The same trend was also seen between anti-obesity (PL and LPL) and phenolic (r = 0.935, 0.845) and flavonoid (r = 0.945, 0.835) contents.
HPLC and UHPLC-MS/MS analysis of cosmos caudatus extract
HPLC and UHPLC-MS/MS analysis of Cosmos caudatus extracts were carried out based on literature data, mass spectral library, online databases, and available reference standards. [35] [36] [37] Ten flavonoid standards (catechin, epicatechin, quercetin-3-rhamnoside, rutin, quercetin, myricetin, fisetin, hesperitin, naringin, and genistein) were used to determine the flavonoid content of Cosmos caudatus extract, and the selection was based on the flavonoids, which are commonly found in plants, fruits, and vegetables. Out of ten standards used, three flavonoids were detected and quantified by HPLC. Quercetin-3-rhamnoside was depicted to be the major compound based on its high quantity (52.9 ± 5.60 mg/g) when compared to that of catechin (34.1 ± 3.38 mg/g) and rutin (6.1 ± 0.53 mg/g). Furthermore, LC-MS/MS analysis of Cosmos caudatus extract shows the presence of 1-caffeyolquinic acid, catechin, kaempherol, kaempherol glucoside, quercetin, quercetin-3-glucoside, quercetin-O-pentoside, quercetin-rhamnosyl galactoside, quinic acid, monogalloyl glucose, and procyanidin B1 ( Table 5 ). The findings were in agreement with the previous reports on Cosmos caudatus. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] 
Discussion
Lipid metabolism plays a pivotal role in the management of energy homeostasis. Therefore, inhibition of relevant enzymes may be considered as emphatic targets for the treatment of obesity. [51, 52] Triglyceride (TG) is an energy dense fuel, and it is insoluble in the plasma. It has to be transported in the form of large multimolecular lipoprotein particles. In small intestine, the large TG is hydrolyzed by PL to form small molecules of monoglycerides and free fatty acids. These PL-hydrolyzed TG molecules are then re-esterified in enterocytes and packaged into chylomicron particles, while the endogenous synthesized TG is secreted by the liver to form very low-density lipoprotein (VLDL) particles. Both classes of lipoprotein enter into circulation for the distribution of TG to tissues before the TG-depleted remnant particles are taken up by receptor-mediated processes. During circulation, these VLDL and TG-rich chylomicron particles are then hydrolyzed by the LPL. [53] Overconsumption of high fat diets is mainly responsible for weight gain and obesity due to their high energy and fat content. [54] Lower levels of calorie uptake are needed to prevent the event of obesity. However, positive changes in eating behavior are very difficult to implement. One of the potential solutions to decrease calories intake without compromising eating habits is by inhibition of lipase activity in fat digestion. [55] Therefore, use of herbal extracts with significance enzyme inhibition potential is considered as one of the most acceptable strategy to treat obesity. [56] [57] [58] Inhibition of these lipases, both PL and LPL results in few consequences including: 1) inhibition in the digestion of dietary fats, 2) slow down deposition of fat into adipose tissue, 3) reduces solubility and 3) decreases systemic absorption of dietary fat, leading to suppression of weight gain. [56, 59] In the present study, out of eight herbs (Cosmos caudatus, Pluchea indica, Lawsonia inermis, Carica papaya, Piper betle, Andrographis paniculata, Pereskia bleo, and Melicope lunu) investigated for their antioxidant and anti-obesity potential, Cosmos caudatus was depicted to exhibit optimal anti-obesity activities. The anti-obesity activities demonstrated by Cosmos caudatus was comparable to that of Momordica. charanthia, Morinda citrifolia, and Centella Asiatica extracts. [60] Cosmos caudatus and Lawsonia inermis also showed higher anti-obesity activities compared to most of the plant extracts tested by Zheng et al. [61] [41, 45] Quercetin-rhamnosylgalactoside 4.88 609.2 463.1, 300.5, 179.0, 151.1 [46, 47] Quercetin-3-glucoside 5.15 463.1 300.2, 179.1, 151.3 [35, 41] Quercetin-O-pentoside 5.28 433.1 300.5, 255.5, 151.1 [48, 49] [50] The antioxidant activities demonstrated by the extracts were considerable, and to some extent, quite potent in inhibiting peroxidation of lipids. The high antioxidant capacity of Cosmos caudatus, Pluchea indica, Lawsonia inermis, Piper betle, and Mammea suriga are also reported in various studies. [62] [63] [64] [65] [66] [67] The presence of antioxidative components, which are capable of reducing the extent of ß-carotene destruction by neutralizing the linoleate-free radicals and other free radicals might be responsible for the high antioxidant activity observed. In the present study, multiple procedures were used for the estimation of antioxidant potential of the understudy samples. β-carotene bleaching method is very helpful for investigations of lipophilic antioxidants, while DPPH method is highly useful for both the hydrophilic and lipophilic substances. High antioxidant activity of the extract based on β-carotene bleaching assay ascertained its ability to work at the lipid-water interface. [68] However, variation in the results may be due to the differences in the mechanism of the assays and distinctive phytochemicals involved in each of the plant samples. [67] The presence of various bioactive metabolites in plant extracts especially polyphenols play an imperative role in their inhibitory effects toward PL activity. Therefore, high phenolic content of Cosmos caudatus, Pluchea indica, and Lawsonia inermis might be related to the high inhibitory activity of PL. [69] The higher levels of TPC in Cosmos caudatus and Pluchea indica are supported by other studies, [35, 65, 66] whereas the lower phenolic contents of Pereskia bleo and Andrographis paniculata were comparable with the findings of Sim et al., [70] Qader et al., [71] and Hassanbaglou et al. [72] The variation in the results for different extracts might be attributed by the presence of different types of phenols and/or presence of other constituents.
Out of all the tested herbs, Cosmos caudatus was depicted to be the most potent herb; therefore, it was selected for further optimization studies. Extracting solvent composition was optimized for Cosmos Caudatus with optimal antioxidant and anti-obesity activities. Hundred (100)% ethanolic extract (at 1000 ppm) showed the highest pancreatic lipase inhibitory effect. At 0.1 mg/mL levels, different extracts of Cosmos caudatus showed higher anti-obesity activity compared to most of the crude plant extracts tested by Roh and Jung. [73] In another study, Gholamhoseinian et al. [74] screened 400 ethanolic plant extracts and revealed that 44 extracts significantly inhibited PL activity ranging from (1.80 ± 0.4%) to (38.0 ± 1.9%). Even at higher concentration of 5 mg/mL, most of these plant extracts showed lower inhibition of PL activities when compared to 100% ethanolic Cosmos caudatus extract at lower concentration of 1 mg/mL. A comparable result was also shown by lyophilized juice (LJ) of Stellaria media (Linn.) Vill. at 1 mg/mL level which PL inhibition activity of about 23%. [75] LPL and its tissue-specific regulation are of significant importance, aside from PL, that plays an important role in the pathogenesis of obesity. [76] LPL catalyzes hydrolysis of lipoprotein (which includes VLDLs and chylomicrons) releasing free fatty acids for uptake into adipose tissue. [77, 78] Therefore, inhibition of LPL may help in preventing deposition of fat into adipose tissue. The ability of plant extracts to inhibit LPL activity has been reported in previous studies. Grape seed extract (GSE) has shown moderate effect on inhibition of LPL in vitro. [79] At concentration of 0.1 mg/mL, GSE showed lower inhibition (2%) when compared to all five different extracts of Cosmos caudatus tested in this study. The inhibitory effects of peanut (Arachis hypogaea) shell extract (PSE) on LPL activity have also been reported by the Moreno et al. [80] At 0.1 mg/mL concentration, the PSE showed comparable result (11%) to that of 60, 50 and 40% ethanolic Cosmos caudatus extracts with LPL inhibition levels 12.9 ± 1.6, 13.2 ± 2.6 and 11.9 ± 1.1%, respectively. Comparatively, at higher concentration (1 mg/mL), the PSE only showed 25% inhibition, which was comparable to that of 100% ethanol Cosmos caudatus extracts (19.9 ± 1.1%) at a lower concentration (0.1 mg/mL). The results of present study were also comparable with the findings of Sahib et al. [60] Morinda citrifolia fruit, Momordica charantia, and Centella asiatica extracts at 0.1 mg/mL concentration levels showed 16.9 ± 2.6, 10.2 ± 1.2, and 18.2 ± 0.2% inhibition, respectively, which was in compliance with the LPL inhibition potential of different ethanolic extracts of Cosmoa caudatus used in present study. Our findings indicated that Cosmos caudatus extract inhibits both PL and LPL activities. Inhibition of these enzymes helps not only in the reduction of fat digestion and absorption (as seen in clinical use of Orlistat), but also slow down deposition of fat into adipose tissue. However, in vivo studies are needed to further address the mechanisms associated with anti-obesity potential of Cosmos caudatus extract.
Flavonoids usually exhibits higher antioxidant potentials as compare to the phenolic acids. [34] The inhibitory activity of different Cosmos caudatus extracts on PL and LPL probably attributed by the phenolic and flavonoid compounds. Results showed that extracts with higher phenolic and flavonoid content (100% > 80% > 60% > 50% > 40% ethanol extracts) exhibited better inhibition of lipases. TPC and TFC were positively correlated with PL and LPL inhibitory activities. Various researchers have also reported the ability of polyphenolic compounds to inhibit PL and LPL activities. [79] [80] [81] Cosmos caudatus extracted with 100% ethanol showed exceptionally high antioxidant activity with a nonsignificant difference (p > 0.05) to that of BHA and ascorbic acid. A study by Othman et al. [82] also showed that cocoa beans extracted with ethanol exhibited lower IC 50 value compared to cocoa beans extracted with water. On the contrary, 50% ethanol extract of two cultivars of papaya showed highest antioxidant activity compared to that of 70% and 100% ethanol extracts. [83] Generally, obese subjects are at a risk of high oxidative stress due to the disrupted antioxidant defense systems and strong free radicals production. Obesity is also associated with decrease in antioxidant capacity indicated by low levels of antioxidant enzymes. [84, 85] Matsuzawa-nagata et al. [86] in a study reported that the production of ROS and oxidatives stress was equally increased in adipose tissues and liver of mice fed with high-fat diet. Since oxidative stress is related to obesity and leads to other degenerative diseases such as diabetes, hypertension, and hyperlipidemia. Therefore, it might be beneficial to consume multifunctional plants that have both antioxidant and anti-obesity effects. Phenolic compounds play an important role as dietary antioxidants for the prevention of oxidative stress damages. [86] In the present study, antioxidantrich extracts demonstrated significant anti-obesity effects.
Conclusion
The study revealed that some of the herbs such as Cosmos caudatus, Pluchea indica, and Lawsonia inermis exhibited high free radical scavanging activities, high total phenolic content, and potent pancreatic lipase inhibitory effects. The 100% Cosmos caudatus ethanolic extract was proven to be the most efficient extract enriched with complex mixture of phenolic and flavonoid compounds. Strong positive correlation between bioactive compounds and that of free radical scavenging and anti-lipase activity was observed. The identified phenolic and flavonoid compounds (quercetin-3-rhamnoside, catechin, rutin, 1-caffeyolquinic acid, kaempherol, kaempherol glucoside, quercetin-3-glucoside, quercetin-O-pentoside, and quercetin-rhamnosylgalactoside) may be responsible for the observed antioxidant and anti-obesity activities of Cosmos caudatus extract. This research may provide a basis for in vivo study and strong foundation for future development of standardized herbal medications or active ingredients with great applications in prevention and treatment of obesity.
